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FOREWORD

This report was prepared by the University of Wisconsin under Contract
No. AF 18(£00)=5L. The contract was initiated under a projéct identified
by Research and Development Order 69449, "Human Englneering Fe:earch on
Fire Control and Missile Control Svstems." The contrect was 'administered
by the Psychology Branch of the Aero Medieal laboratory, Directorate of
Research, Wright Air Development Center with John W. Senders acting as Pro-
Ject Engineer.
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ABSTRACT

This experiment is pert of an investigation of the problem of orientation
in geriscopdc type sights. The problem, briefly stated, is that an operator
looking through the sight has no immediate indication of where the sight is
pointed, and thus may not know which way to move it to pick up a target whose
position is known, The present experiment was designed to test the effect of
a simple orientation aid on the speed of slewing to and acquiring targets
which have been spotted outside the sight. Subjects were tested on slewing
and acquisition of a series of stationary targets, using "velceity" hand
controls, Two grouge of subjects were tested, one with and one without the
orientation aid, The aid consigted of eight 111uminatad lines radiating
from the center of the target space and stationary with respect to the tar-
get space, This aid, although actually presented in the target space, simu.
lated an aid which could be incorporated as a moving reticle in the focel
plane of the sight,

Subjects were tested for a period of eight daily sessions, The results
indicate that the subjects were performing at or near asymptotic levels at
the end of this training, The group ueing the orientation 2id showed superior
performance throughout, requiring approximately 60 per cent as mmch time per
target as the control group at all stages of practice,

PUBLICATION REVIEW

This report has been reviewed and is approved,

JACK BOLLERUD .

Colonel, USAF (McC)
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INTRODUCTION

In periscopic sights, the hand controls drive a scamning prism system
vhich serves to bring a view of the extermal "target space" into position
in the field of the sight, Thus the target space, as viewed throu%h the
sight, is displaced in asimuth and elevation so tfnt an object on the line
of sight appears to be directly in front of the operator, Target acquisi-
tion is accomplished positioning the gﬂr:lm 80 that the target is aligned
with a reticle which always appears in the center of the field of the sight,
Because the operator is fixed in position, and acquisition and tracking in-
volve apparen’ movement of the exterior field, the operator has no immedlate
knovledge of where he is looking; that is, where the sight is pointing when
he looks into it., Thus, unless some aspect of the terrain, or clcund formetion,
provides a reference point, an operator mey be disoriented, and may not know
in which direction to slew in order to pick up a target whose position is
known relative to the aircraft in which he is flying,

This problem would, presumably, not be acute if direct positioning hand
controls wers used since the position of the controls would provide a refer-
ence, On the other hand, if some kind of aided tracking is employed, this
one~to-one correspondence between line of sight and position of the controls
is lost, The objective of the present pro of research is to :lnvestigntc
methode of providing the operator with additional information regard.tngnrho
direction of the line of sight, and to evaluate the influence of such oY=

mation on performance,

In a previous experiment,an orientation aid eonsisting of four arrows
which were stationary with respect to the target space was employed. Sub-
Jects were required to slew to and acquire one stationary target after
another, the sight line being displaced in a direction unknown to the sub-
ject prior to each trial, The results indicated that this aid was advantageous
early in training, but that after a few hours of practice, psrformance was
approximately the same with and without the aid, The purpose of the present
experiment was to perform similar tests with a slightly more elaborate orienta-
tion aid. The aid used consisted of eight colored illuminated lines radiating
from the center of the target space and stationary with respect to the target
gpace,

APPARATUS AND PROCEDURE

Apparatugs, A hemispheric sight was mounted on a stand so that the head
of the sight fell at the center of a roughly hemispheric field. The field
congistei of a framework covered with dull black cloth, It had a radius of
approxin rtely five feet in the lower half, which increased in the upper half
to approximately ten feet, Ten pre-focused flashlight bulbs, scattered on
the hemispheric srea and pointed toward the sight head, served as targets,

A photomultiplier unit attached to the camera mounting on the sight acti-
vated a relay when the target was centered in the reticle, providing an "on
target" signal for the control eircuits. This signal initiated a two-second
delay during which the sight line drive moved the scanning prisms in one of
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four directions at random. The target and orientation aid were turned off
during this interval, A new target, selected by a stepping relay, was then
presented,

Possible orientation cues from the handle grip controls were eliminated
by the use of a velocity control system. The velocity of movement of the
sight line drive was determined by the position of the controls., The handle
grips were three inches long and placed at the ends of a 11,5 inch bar pivoted
at the center., Movement of the grips about the horlzontal axis moved the
sight line up and down., Movement of the grips and ber about the vertical
axis movad the sight line left and right. The speed of the scanning prism
drive motors was controlled in four discrete steps by electric contacts
attached to the controls, A small deflection gave thes slowest speed and
a larger deflection gave increasing speeds such that approximately 9, 7, 5,
and 4 seconds were required for a 180° sweep.

The orientation aid consisted of four 30-in., fluorescent lamps, two
red and two yellow, suspended in front of the sight and masked so as to
produce eight thin lines radiating from the center of the target space,
The horizontal and vertical lines were red while the diagonal lines were
yellow, With this arrangement at least one line was visible in the field
of the sight for almost all positions of the line of sight, the only excep-
tion being the extreme positions of the oblique meridians. From these blank
positions, a small movement (about 10 degrees) in any direction would bring
some line into view, The color, position and direction of any line visible
in the sight field served as a relatively unamblguous indication of the direc~
tion of the line of sight, The orientation aid was placed in the target field
a few inches from the window of the sight, and hence could be seen by the sub-
Ject outside of the sight as well as through the sight, This would not be the
case 1f the aid were incorporated in the optical system of the sight., However,
the position of the target relative to the orientation aid as seen outside of
the sight was quite different from its positiorn when looking through the sight,
due to the relatively great amount of parallax between the two views., Pre-
sumsbly any facilitating effaect produced by the aid could be attributed to
the information provided by it when looking through the sight,

Procedure, In the present experiment, we were primarily concerned with
the difficuities in slewing which might result from disorientation. Subjects
were given the task of slewing to and acquiring one stationary target after
another, They were instructed to "spot" the target outaside the sight and
then to look through the sight and manipulate the controls until the reticle
was centered on the target, The first target was presented afier a brief
practice period during which the subject familiarized himself with the con~
trols and observed the apparent motion of the target field as the controls
were manipulated, The orientation aid was left on during this interval for
all subjects, The nature of the sight and controls were explained to the aub-
Ject and questions relating to the operation of the sight were answered freely,
No mention was made of the purpose of the experiment or the orientation aid,

During the experiment proper the ten target lights were lighted one at a
time in an irregular sequence. As each target was acquired, it was extinguished,
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the sight line was automatically moved in a direction unknown to the subject
and the next light was presented, The room was darkened, excert for the tar~
get lighis and the orientation aild, to eliminate extranecus orienting cues,

A complete run conaisted of 38 lights with a short break after 19 lights,
Connections to three of the lights were interchanged after each run so that
subject could not memorisge the sequence, The cumulative slewing time for 38
lights was recorded,

Two groups of six subjects each were tested. The orientation aid was
present throughout the experiment for the experimental grcup, and was absent
throuvghout for the control group., All subjects were test:d for a total of
26 runs (988 targets) distributed among eight daily sessions as follows:

1, 2,2, 2,3, 4, 6, and 6 runs per day.,

RESULTS
Table 1 shows the mean time per target in seconds for each group for
each of the 26 runs, Migure 1 presents the same data graphically, Table 2
presents the group means by days, the mean score for the highest and lowest
individuals for each day, and the range between highest and lowest individuals,
TABIE 1

Mean Seconds Per Target By Runs

Day Run c E
1 1 39.9 21,9
2 2 2L .4 14.0
3 18,6 10,0
3 4 16,7 10.4
5 12.9 7T.92
4 é 12.1 7.74
7 1.1 6.87
9 8.45 5.9
10 8.48 5,90
6 11 10.1 5.58
12 8.87 5.79
13 8.40 5.40
1 8.03 5.29
7 15 8.66 5.08
16 7.74 hoPR
17 8.50 4.8
18 8.40 5.03
19 8,21 5.11
20 7.03 5,08
8 21 8,16 4.8
22 6.69 4,58
23 7.16 4,68
24 6.92 4,66
25 6.82 4.58
26 6.53 L7
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Figure 1, Seconds per target for the two groups as a function of

practice,

Each point represents the mean for six subjects

for 38 targets, Days are separated by vertical lines,
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TABLE 2
Seconds Per Target By Days

Mean = group mean for the day.
High = mean score for highest subjsct.
Low = mean score for lowsst subject,
Range = high - low,
Ratio E/C = ratio of experimental mean to control mean,

Day 1 2 3 4 5 6 4 8
High 77.0 32 .L 20.1 14.20 10.50 10.50 10.13 8.60
C Mean 39,9 2l.J 148 LN 202 8.8 i.-m
lovw 22, 5 13 oo 1105 8075 7.95 7050 071 O(B
High 29,9 .4 11.40 8.35 8,15 6008 5.55 5.08
B Mean 2 2,0 16 %J.Q a7 551 5.0 LS4
Low 16.1 10,2 7 .28 .70 5.31 01 4Tl 4621

5
Range C 5405  19.40 8,60  5.45 2,55 3.00 3.4 2.9
B 13.8 3.20 4.2 2,25 3.8 107 0.8 0,87

Ratio E/C 0.55 0.56 0,62 0.64 0.66 0.58 0.62 0.66

Inspection of these data shows (a) negatively accelerated learning curves
which appear to be at or near symptotic levels by the end of the experiment,
(b) uniform superiority of the experimental group throughout as indicated by
lower time mcores, and (c) consistently less variability in the experimental
group as indicated by the lower range, The statistical significance of the
differenca between groups in the later portion of the experiment is obvicus
from the fact that the worst subject in the experimental group was scoring
better than the best subject in the control group during this interval, Com=

plete separation of this kind would occur by chance less than one time in 100
if there were no real difference,

Inspection of the ratio between experimental and control group scores
(Table 2! suggests a simple method of summarising the difference in perfor-
mance produced by the orientation aid, This ratio remains in the neighbor-
hood of 0.60 throughout the experiment indieating that the orientation aid
enabled subjects to acquire targets in approximately 60 per cent of the time
which would have been required otherwise; this factor remaining about the
same at all stages of practice within the range of this experiment.

DISCUSSION AND CONCLUSIONS

The present experiment demonstrates the effectiveness of a relatively
simple orlentation ald in facilitating slewing and acquisition of targets
with the hemispheric sight in a particular experimental situation. In esti-
mating the generality of these findings Sertain characteriestics of the ex-
perimental situation should be taken into account. First,cues which might
be present in operation, such as the horison, were eliminated, Second, the , .-
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controls (streight velocity controls) were probably more difficult to operate
than operational controls would bs, The absence of any position component
in the control system eliminated all orienting cues which mnight otherwise
be obtained from the handle grips., In addition there wes no simple method
of centering the sight, However, these factors do not pegate the signifi-
cance of the present findings, since it would not be safe to assume that
adequate cues would be obtained from these incidental factors. Another
feature of the present experiment was the use of very high contrast tar-
gets, In this connection it might be expected that the orientation problem
vould be minimised when high contrast targets are used, If this were the
case, we would expesot that an orientation aid would be even more useful if
lo:‘:ontrast targets were used, Further research along this line is indi-
cavad,

The design of the particular orientation aid used in the present ex-
periment was influenced by consideretions of convenience of instrumentation.
Tt seems likely that other types of grids might be superior to the simple
pattern of lines radiating from the center of the field used bhere, Further
experimentation comparing the effectiveness of different grids would pro-
bably be valuable,
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